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Metal fatigue has plagued structural components for centuries, and it remains a critical
durability issue in today’s aerospace hardware. This is true despite vastly improved and advanced
materials, increased mechanistic understanding, and development of accurate structural analysis and
advanced fatigue life prediction tools. Each advance is quickly taken advantage of to produce safer,
more reliable, more cost effective, and better performing products. In other words, as the envelop is
expanded, components are then designed to operate just as close to the newly expanded envelop as they
were to the initial one. The problem is perennial.

The economic importance of addressing structural durability issues early in the design process
is emphasized. Tradeoffs with performance, cost, and legislated restrictions are pointed out. Several
aspects of structural durability of advanced systems, advanced materials and advanced fatigue life
prediction methods are presented. Specific items include the basic elements of durability analysis,
conventional designs, barriers to be overcome for advanced systems, high-temperature life prediction
for both creep-fatigue and thermomechanical fatigue, mean stress effects, multiaxial stress-strain states,
and cumulative fatigue damage accumulation assessment.
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NASA-GRC Fatigue Crack Initiation
Life Prediction Model
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X§§ fatigue has plagued struciural comporents for conturies, atgd it renains a ontical durability
msue tn oday's acrospace hardware, This &8 true despiie () the development of vastly Inproved and
advanced materials, () increased mechanistic wnderstanding, and (@ development of accurate
stractural analysis and advanced fattgue ife prediction toolss Bach advance 35 quickly taken advantage
of 1o produce safer) more relinble, more cost effective, ad better periorming products,  In other
words, as the envelop of capabilty expands, components arg {ims&?ig}aﬁ 0 operate just us close, or pven

closer to the newly expanded lmis as they did 1o the witiad cues. The problem is perennial,

1he veonprnie anportance of addressing straviural durabiliny §%‘\i§§‘% garty in the design process &
emphasized.  Durabiliny tradeolls with performance, cost stnctions ave pointed oul
Several unique aspects of sirutiay s&. durability of advanced sydems, advareed materials and advanced
§a§§x‘i§i e nredicdon mothods ave presented. Specific tems o be discussed include the basic elements
of durability analysis, couventional designg, barviers © be overcome for advancued systems, high
ii‘ii;g}ci& ure B predicuon for both o m;s atigue and thermoemechanioal ftigue, mean stress efiveis,
mulitgnial stress-sirain states, and cupmdative fatigue damuge scoumulation assessmenr. . While ne
ciassified as being nuly iﬁu?%d:}i\%\ mndels with o nicromechaniste basis, they do comam aspects

tracesble to macroscopic, canseeandscfioet phenomens. o thelr present formy the models are
deterministic, Some sxamples of thelr apphication 1 presented. The models are awalting effornts o be

recast o probabilistc gerpretation,
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10 - Local Stress-Strain-1

10 - Mission and Environmental Loading Analysis

10 - Global Structural Response Analysis

B3

emp-Time Material Response Analysis

sis and Mon-Destructive Evaluation (NDE)
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0 - Previous design experience

0 - Directly applicable rules of thumb

0 - Previous mission experience on similar hardware

0 - Extensive material property data bases

0 - Knowledge of all potential failure modes

0 - Knowledge of synergistic durability interactions

R

0 - Affordable ‘build-em” and bust-em’ prototypes
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0 - Lack of previous direct experience/rules of thumb

0 - Limited material property data bases

-- long-term data bases unachievable in timely manner
0 - Ignorance of failure modes / synergistic interactions
0 - Low fidelity of damage accumulation/life models

0 - Prototypes too expensive to test or lead times too long
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0 - Accept up-front costs of designed-in durability

0 - Require critical n

ica
- Barly initiation of long-term testing

B R

a bases

0 - Seek out failure modes & any synergism
0 - Capture the “physics” of damage accumulation

0 - Analytically model damage/life prediction
0 - Maximize durability information from each test

. §

- Fewer tests, however, decrease assessment of probabilities of fatlure

0 - Continuously update analytic models
0 - Take advantage of probabilistic analyses where possible
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Non-Linear Cumulative Fatigue Damage Code- PDLDR

0 - Why the Fuss?

- Example of Material Behavior

0 - Simple Models Developed
-R

equire no more than Linear Damage Rule

0 - Sample Calculations
~ Idealized Space Shuttle Component
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)F MISSIONS

Two Linear Damage Rules Summed 1o 1.0, Sequentially, Where:

N, = f(N, NN

PHASE 1 Clnmation”) = Np;

Then,

PHASE U C*Propagation”™) == Ny

Fatlure Goours once Phasze 1 reaches 1.0
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Based on DLDE for Havies 188 a8 708 20

Ny = 10 N, = 48,200,000

N, = 500 N, = 50.000.000

PHASE I (“Initatic
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PHASE I (" Propagation”) = N
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§* FFECT ON MISSION LIFE
OF IMPROVING FATIGUE RESISTANCE
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Baseline Fatioue Curve 83 () 12 ()

( 10%) 23 ( 90! ﬂ
(300%) 25 (100 %
(475%) 97 (700 @E

Increase L.CF by X2 91
Increase HCF by X10 333
Increase HCF by X100 476
Increase LCF by X2

& HCF by X10 500 (500%) 37 (200%)
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EXAMPLE APPLICATIONS

0 - StrainRange Partitioning (SRP)
) o

- Compared to Linear Time- and Cycle Life Fraction Rule

0 - Schematic of Total Strain Version of StrainRange Partitioning (TS-SRP)

{ - Isothermal Total Strain Version of StrainRange Partitioning (TS-SRP)

- Applied to Inconel 718 at 650 °C

8§ - Thermomechanical Fatipue Version of TS-SRP

- Applied to Havnes 188 & B-1000
~ Applied to Automotive Exhaust System Alloy (Ferritic 409 S5}
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Creep-Fatigue Data for Incoloy
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Isothermal Total Strain Version of StrainRange Partitioning (TS-SRP)

Predictability of Creep-Fatigue Data for Inconel 718 at 650 °C

Inglastic SRP Toml Strain Version
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Thermomechanical Fatigue Version of SRP {TMF-SRP)

Applied to Automotive Exhaust System Alloy (Ferritic 409 8%)
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Thermomechanical Fatigue Version of SRP (TME-SRP)
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